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(57) Abstract 

A simplified process for flip-chip attachment of a chip (10) to a substrate (20) is provided by pre-coating the chip (10) with an 
encapsulant underfill material (22) having discrete solder columns therein to eliminate the conventibnal capillary flow underfill process. 
Such a structure permits incorporation of remeltable layers for rework, test, or repair. It also allows incorporation of electrical redistribution 
layers. In one aspect, the chip (10) and pre-coated encapsulant are placed at an angle to the substrate and brought into contact with 
the pre-coated substrate, then the chip (10) and pre-coated encapsulant are pivoted about the first point of contact, expelling any gas 
therebetween until the solder bumps (14) on the chip are fully in contact with the substrate (20), There is provided a flip-chip configuration 
having a compliant solder/flexible encapsulant understructure that deforms generally laterally with the substrate (20) as the substrate (20) 
undergoes expansion and contraction. With this configuration, the compliant solder/flexible encapsulant understructure absorbs the strain 
caused by the substrate without bending the chip (10) and substrate (20). 
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SEMICONDUCTOR FLIP-CHIP PACKAGE AND METHOD 
FOR THE FABRICATION THEREOF 



This application claims the benefit of U.S. Provisional Application Nos. 
60/053,407, filed July 21, 1997, and 60/056,043, filed September 2, 1997, and 
incorporates herein the disclosures of those applications in their entirety. 

The U.S. Government has a paid-up license in this invention and the right 
in limited circumstances to require the patent owner to license others on 
reasonable terms as provided for by the terms of contract no. N00 1 64-96-C-G089 
awarded by Defense Advanced Research Projects Agency. 

FIELD OF THE INVENTION 
This invention relates generally to semiconductor chips electrically and 
mechanically connected to a substrate, particularly to flip-chip configurations. 



BACKGROUND OF THE INVENTION 
Flip-chip technology is well known in the art. A semi-conductor chip 
having solder bumps formed on the active side of the semi-conductor chip is 
'inverted and bonded to a substrate through the solder bumps by reflowing the 
solder. Structural solder joints are formed between the semi-conductor chip" and 
the [substrate to form the niec^ianical and electrical connections between the chip 
and substrate. A narrow gap. is left between the semi-conductor chip and the 
substrate. ' v 

One obstacle to flip-chip technology when applied to polymer printecT 
circuits is the unacceptably jjcfor reliability of the solder joints due to the 
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mismatch of the coefficients of thermal expansion between the chip, having a 
coefficient of thermal expansion of about 3 ppm/ °C, and the polymer substrate, 
e.g. epoxy-glass having a coefficient, of thermal expansion of about 
16 to 26 ppm/ °C; Which cau^s stress build up in the solder" joints. Because the 
5 structural solder joints are small, they are thus subject to failures. In the past, 
the solddr joint integrity of flip-Chip interconnects to a substrate has been 
enhanced by underfilling the volume between the chip and the substrate With an 
underfill encapsulant material cbiriprised of a suitable polymer. The underfill 
materialls typically dispensed around two adjacent sides of the semiconductor 

10 chip,' then the underfill material slowly flows by capillary action to fill the gap 
between the chip and' the siibstrdte: The underfill material is then hardened by 
baking for an extended period. Pdr the 5 tinderfill encapsulant to be effective, it is 
important that it adhere well to the chip and the substrate to' improve the solder 
joint integrity. Underfilling the chip with a subsequently cured encapsulant has 

15 ibeen shown to reduce solder joint 'cracking caused by thermal expansion 

mismatch between the chip and the substrate. The cured encapsulant reduces the 
stresses; induced by differential expansion and contraction, on the solder joints. 

The underfill process, however, makes the assembly of encapsulated flip- 
chip pririted wire boards (PWB) a tune consuming, labor intensive and expensive 

20 process with a number of uncertainties. To join the integrated circuit to the 

substrate, a flux, generally a no-clean, low residue flux, is placed on the chip or 
substrate. Then the integrated circuit is placed on the substrate. The assembly is 
subjected to a solder reflowing thermal cycle, soldering the chip to the substrate. 
The surface tension ! of the solder aids to self align the chip to the substrate 

25 terminals. After reflow, due to the close proximity of the chip to the substrate, 
; removing flux residues from tinder the chip is such a difficult operation that it is 
generally hot done. Therefore the flux residues are generally left in the space 
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between the chip and the substrate. , These residues are known to reduce the 
reliability and integrity of the encapsulant. 

After reflow, underfill encapsulation of the chip generally follows. In the 
prior art, the polymers of choice for the underfill encapsulation have been 
epoxies, the coefficient of thermal expansion .and modtili of the epoxies being 
adjusted with the addition of inorganic fillers. Jo achieve optimum reliability, a 
coefficient of thermal expansion in the viciiUty pf. 25 ppm/°C. is preferred and a 
modulus of 4 GPa or more. Since tiie j^fen^^j^s hay^coeffiQient-pf 
thermal expansions exceeding 8p,ppni/£C^ than 4 ^Pa, P the ..) 

inorganic fillers, selected generally haye mi^J^^^r ^Q^fficfcjxt ^f, thermal i 
expansions and much higher .moduli. f^$- m&sjgg^ epoxy -inorganic 

mixture is within the desired range. . , (S , ; , v , . , ; ; : ,, fiU v ; - :r ,; 

The underfill encapsulation technique ^f the prior art has, four principal ■ 
disadvantages: f .. . . , . ,.. . ; — 

1. The reflowing of the solder butnp r and ; then underfilling and, curing 
the encapsulant is a multi-step process that results in reduced 
production efficiency; . .. ^.^ _ ■ 

2. To underfill a flip-chip assembly takes : too long because the ; 
material must flow through the tiny gap between the chip an4 the 
substrate; , ... . , , v. 

3 . The flux residues remaining in the gap reduce the , . \ K 
adhesive and cohesive strengths of .the underfill . . y . 
encapsulating adhesive, affecting the reliability .of * . ; ■* j 
the assembly; and . . . , 

4. As the size of chips increase, the limiting effect pf^ capillary action 
becomes more critical and„ makes the. encapsulajtiqn procedure 



WO 99/04430 PCTYUS98/1 5034 



more time consuming , more susceptible to void formation and to 
the separation of the polymer from the fillers during application. 

Clearly, many improvements to this process are feasible to increase 
5 ; ^reliability, reduce the time required and decrease the likelihood of producing a 
void in the encapsulant while providing the required low "coefficient of thermal 
expansion aftdhigh modulus: ;i 

Other priof art? ri^^ 
overcome the above limitations by applying the' entk^Wuiating resin through' a 
10 ^hoie in the; sufeStfate : to^ chip: After the soldering and 

cleaning operMiohSv^tiieeneapsulkting resin is fbrdeid ttudugh the "hole arid around 
-the periphery of the chip to^ ensure complete coverage of' the chip surface. 1 " This 
method suffers from the need to reserve an area in the center of the suftstrkte that 
is free of circuitiy in order to provide an unusfcd Space for the hole. 1 It also does 
15 not eliminate the problems of entrapped ak bubbles 

Another prior art method in U/S: Patent 5,128,746 (Peniiisi) teaches a 
' method wherein an adhesive material including a fluxing kgent is applied to the 
Chip or substrate: The chip is positioned on the substrate and the solder bumps 
are reflowed. During the reflow step, the fluxing agent promotes wetting of the 

20 solder to the substrate metallization pattern and the adhesive material is cured, 
mechanically mtefcorinecting and encapsulating the substrate to the component. 
The lknitatidn of this technique is that ill order for the molten solder to readily 
wet the substrate metallization and also to allow the solder, through surface 
tension, to self-align the chip bumps to the substrate metallization pattern, the 

25 material iriust maintain 1 very low viscosity during the reflow step. 'But the 

viscosity of these materials is severely increased by the presence of the required 



4 



inorganic fillers. As a result, this. approach has failed to produce a material that 
can serve as both the flux and the encapsulant with the. required low coefficient of 
thermal expansion and high modulus for optimum reliability. 

Referring to FIGS. 1 and 2, underfilling the chip 100 ; with a subsequently 
5 hardened encapsulant 102 has been shown to reduce solder joint cocking caused 
by thermal expansion mismatch between the chip atnd the : sxibstrate 104. The 
hardened encapsulant 102 transfers the stresses, induced by differential expansion 
and contraction, from the. solder, joints 1 06 to deformation v pf ; the qMp 100 and 
substrate 104 as shown iji £I£k I: fop ; exp^ M *el$vitQd , : 

10. temperatures anct FIG, . £ .foj^oon^ - 
In. other words,, the rn^ia effect,qf;the hardened: encapsailant 
expansion or contraction i^tQ^ff^txydy. fqrce ths chd^ajid ^he^ufe^rat^ to take 
up the stress caused, by the coefficients.,, of .thepmaLexp^ign? migi^tch by n 
, bending and bulging the chip .and substmte, This bending #nd (bulging reduces 
15 the stress on the solder joints^and virtually eliminates .solder fatigue fajjture>o 

~~ Unfortunately, the effect, of the encapsulant bendipg the substrate and the 
chip causes its own new set of problems. Qne suc& problern is that the bending 
makes the chips susceptible to cracking.^ Another such problem, is that the degree 
of stress relief is highly dependent on the flexibility of the under -lying t substrate 
20 and is thus an unpredictable function of the design of , the printed circuit. Another 
limitation is that relying . on such binding for stres? relief pn the solder joints 
prevents the placement of flip cjiips directly , opposite ope another on a double- 
sided printed circuit. 

Another limitation of prior art flip-chip attachment is the, difficulty of 
25 performing rework. Chip removal,, once. underfill Ms^bpen perfprmed, is very 
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destructive to both the printed circuit board and the chip. Rework is almost 
impossible with prior art materials and processes. For example, the prior art 
procedure for removing ah encapsulated die from a printed wire board is to grind 
it off manually. 

5 j Another limitation of the prior aft is the expense of applying solder bumps 

] to a chip. The solder bumps have been applied to chips by one of several 
methods. Coating the solder on the chip bumpsby evaporation of solder metals 
through a mask is one siicfi hiethbd. This : method suffers from 1) long deposition 
times, 2) limitations on the compositions of solder that can" be applied to those 

10 metals that can be readily evapdf sited, and 3) evaporating the metals over large 

arfeas where tile scolder is Ultimately not wanted/ Also, slhCe most solders contain 
leaLd, a tokic nietaf, evkpbr&ifon involves removal an^ disposal of excess coated 
K " lead Worn equipment arid masks. Ariother common method in the prior art is 
electroplating of the solder onto the chip pads through a temporary sacrificial 

15 mask, Electroplating is a slow and expensive process that also deposits the 
solder over large areas where the solder is ultimately not wanted. Another 
method is to screen print solder paste on the' chips pad through 1 a stencil, then 
reflowing the solder to form a ball or bump on the pad. This technique is limited 
to bump dimensions 'that can be readily stencil printed, so it is not practical in 

20 bump pitches of 25 microns or Ifess . 

Another limitation of the prior art is the difficulty in distributing electrical 
signals from the small dimension of the chip to the large dimensions of the 
substrates/ Most chips are manufactured with the electrical interconnection pads 
around their periphery with a pad pitch of 6.25 mm or less . On the other hand, 
25 printed circuits are manufactured with pad pitches o£ o."25 mm and larger. This 
discrepancy ih dimensions requires that the cfiip~tb-substrate interconnection 
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provide some method of redistributing the chip, pad locations over a larger area 
so that they can match the dimensipns of the, printed circuit. Today, this 
discrepancy is bridged by creating expensive redistribution layers on the printed 
circuit. Few manufacturers are able to produce printed circuits at the tight 
dimensional tolerances required for redistribution, but those who are capable of 
doing so achieve this with significant production yiejd. penalties. Another method 
to bridge the dimension discrepancy involves complete, redesign. of the, chip, to 
redistribute the electrical pads oyer the entire, arsa of the chip, an expensive 
procedure that chip manufacturers generally want to avoid. , , ; , , , 



10 1 ' : ^ .',^^A^ .-, lfT . 

In one aspect of the present invention there js provided a chip with 
underfilling epcapsulant and separate disc^et^ solder bumps pre-coated ajid pre- 
assembled on the chip for assembly to a substrate, qjtis. cp^igurat^ a 
simple, cost-effective assembly procedure wherein the phii^/encapsulant/discrete 

15 solder bump combination is t placed on the substrate and. subsequently heat, is 
applied so that the solder is reflowed while simultaneously the encapsulant 
hardens, without the labor intensive underfill steps of the prior art. 

In another aspect of the present invention there, is provided a chip 
precoated with underfilling encapsulant having holes therein which expose 

20 metallized contact pads on the active surface of the chip. The holes are 

subsequently filled with molten solder which is then cooled* and hardened to 
create the chip/encapsulant/discrete solder bump assembly. The assembly can be 
placed on a substrate and subsequently, the solder is reflowed wlple, _ 
simultaneously the encapsulant hardens, eliminating the labor intensive underfill 

25 steps of the prior art- Alternatively, the chip/encapsulant/discrpte polder bump , 
assembly is coated with a thin layer of a flux adhesive and,, subsequently, the 
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solder is reflowed while simultaneously the flux adhesive and encapsuiant 
■harden. -* - " ' 

,, ■ In another aspect of the present invention there : is provided a chip 
precoated with underfilling encapsuiant having holes therein which expose 
5 metallized Contact pads on the active surface of the chip.' The holes are ■» 
subsequently filled with arr electrically conductive 4 adhesive to create a : : ' 
chip/ericapsulant/conductive adhesive bump assembly 1 ; The assembly can be 
placed on the substrate arid ^bs'equently the encjapsitiant f and conductive adhesive 
< afe simultaneously hardened Without the lab6r intensive ' underfill steps' of the 
10 prior art"; ; ' ! '- f ' ); 1 ^" u:o • ! • '• * : - : ^ A : ■ ' ' ' ~— — 

,iu 7 Thepi^seiirihv^fitioh also provided a Substrate precoated with the ' 
encapsuiant having wholes therein whiclr expose the mttillized solder pad^on the 
substrate; The hftles are^ or electrically 

; c&ductive adhesive which is then 1 cooled and hardened prior to* attafclimeht of the 
15 chip to the substrate by refldw . In another embodiment, the substrate has ' 
' "^encapsul^it a-nd separate discrete soider colxminS pre4ssembled thereon. 

a i In one aspect of the present invention, there is provided a first portion of 

an underfilling encapsuiant and separate discrete solder bumps pre-coated and 
pre-assembled on a chip for assembly to a substrate. The first portion of 
20 encapsuiant can be either a solid or a thick liquid, partially or fully uncured. A 
second portion of the eftcapsulant is applied to the substrate. The first portion of 
the encapsuiant is filled, preferably highly filled; with a filler material to produce 
a reduced coefficient of thermal expansion and increased modulus . The second 
* portion of the encapsuiant is either lightly filled or completely devoid of filler 
25 material. At least the second portion of the <bnc&psulant comprises an adhesive 
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material with solder fluxing properties,, for example, an adhesive flux. The first 
portion of the encapsulant can comprise a similar material or a conventional 
epoxy. The first portion is filled with a filler having a lower coefficient of 
thermal , expansion and higher modulus than the encapsulant material without 

5 filler to increase the encapsulant' s modulus and reduce; its coefficient of thermal 
expansion. The invention provides a simple, postheffeqtive, assembly procedure 
wherein. the chip/first portion of encap?^^sc|^!^to-biK^^c^.ination is 
placed on the substrate/second portion of encapsulant combination, and <• - 
. subsequently he^tjs applied so that.the ,s&lder,is ffeflo.wM^hite simultaneously 

10 . ..the. encapsulant cures, without,the lab©* jg^i)fc,:i^jwmw^ fflferffl 1 ste P s 
of the prior art. Preferably, the second portion constitutes a relatively thin .layer 
in the overall encapsulant structure which somewhat intermixes with the first 
portion 4urir*g P cure and.has: v rnir^ 

structure, desplte the second pq^ipn.h^K^ig^^^3fc3il?We5J^lrf^-ai^ 
15 higher coefficient ofthprmal expansion itha%*he first pprtion. ?i An advantage of 
, ; the present invention is . that ( the lower viscosity pf me v unfilled .or Jightl&filled 
second portion during the jreflpw.pro.cess,a;llows ; the solder to flow without ~ 
impediment from the thick viscosity of ,the fu;st .portion, of, the encapsulant. The 
present invention provides a low coefficient of thermal expansion and high 
20 modulus, in the first portion of the encapsulant while at the same time achieving 
good solder wetting and chip self aligning in the second portion of 4he 
encapsulant. , • ..,.■:;;>. 

. In another .aspect of the present invention, the chip/first portion of 
encapsulant/disqrete solder bump assembly described above is-qp&ted with a thin 
25 layer of the second portion of the encapsulant which is either lightly filled or 
completely devoid of filler material. Placement of the chip, solder reflow and 
adhesive cure, follows as described above. , i ; 
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In another aspect of the present invention, there is provided a method for 
placing a flip-chip onto a substrate that avoids entrapment of gas bubbles or 
creation of voids. The chip, having the first portion of encapsulant thereon, is 
oriented at an angle to the substrate having the second portion thereon, then 
5 pivoted about the first point of contact until the solder bumps oh the chip are in 

contact with the solder 'pads on the substrate; creating an underfill of encapsulant 
■ n material -as 'the chip is pivoted while "expelling the gas from between the chip and 
■-substrate. 1 " ' • . ' ' - '" ' 

' - Another aspect- of the presen^m^ 

10 endapsttlini pi^coated dnd pre^aisembled'oti the chip:' Mr assembly to" a substrate, 
wherdM : the"eh(iapMint donsiits • demote than diie Uyer, each layer performing 
one or niore j distinct fuhctibife such as attachments 
* tedistributioh, i^wOrkabi functions; The bulk of the 

encapsulant, consisting of one or more layers! is alppliecS ' arid partially 1 or fully 

15 hardened prior to assembly of the chip on the substrate. Holes therein which 

expose metallized contact pads on the active mt fade of the "chip are subsequently 
filled with solder or an elec^^ as previously described 

to create an encapsulated subassembly . Then a flux' adhesive is applied between 
thfe ehip/encapsulant/solder bump combination and the substrate which can be 

20 fully hardened after or when the ehip/encapsulant/solder bump combination is 
placed on the substrate and the solder is reflowed. 1 

Removal of the chip from the substrate is made possible by incorporating 
in the pre-coated multi-layer encapsulant a polymer layer that can be remelted 
ev6n after the chip has been assembled to the substrate. Remelting the solder and 
25 the polyinef encapsulant layer allows removal of the'chip for repair or 

replacement after assBmbly or for test and burn-in of the chip prior to final 
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assembly. Thus the chip can be disassembled from the .substrate without damage 
Jo either chip or substrate, ; 

In another aspect of the present invention there is provided a ■ > 
redistribution of the chip's electrical interconnection pads by incorporating in the 
5 pre-coated multilayer encapsulant an electrical redistribution layei" comprising a 
thin printed circuit layer with electrical circuitry thereon. ; The interconnect pads 
on the chip are attached by solder bumps, conductive adhesive or wire bonds to 
the redistribution layer. The redistribution layer is subsequently encapsulated. 
Holes in the .e^c^ the; active surface of 

10 the redistribution l^er, fi ^^^ pig§jwi|h solder as ,; 

previously described. Then a flux a^hesi^e l^yei; is applied between the - 
chip/encagsute^ layer subassembly and the substtr^v, The flux 

adhesive is applied remaini$gjirihardened until the subassembly is- placed on the 
substrate and the sQld#£ is reflated. r * ; n t n ; , ^ 

15 Another aspect of the present invention also provides within the precoated 

encapsulant a novel qpm^liant t flexijble struc-mre : wherein the. soldqr and : ; 
encapsulant expand or contract. laterally wit^out r crapIcing or delamin%ting upon 
heating or cooling of the chip and substrate,, The novel encapsulant mainly 
provides the adhesive mechanical bond required to hold the chip qn die substrate 

20 while the solder mainly provides the electrical interconnection requ;u;ejd between 
the chip and the substrate. 

.(■•■ 

The compliant solder and flexible encapsulant of the present invention 
absorb the stress caused by the mismatched coefficients of thermal e^pai^sion 
without relying on bending of the chip and substrate. Since the mechanical 
25 adhesion of the chip t© the substrate relies primarily on. the encapsulant, a 
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relatively soft, fatigue-less, highly pliable solder is used for the solder bumps to 
provide the electrical interconnection of the. chip with the substrate. The 
compliant solder may have relatively weak mechatlical properties on its own , 
therefore the encapsulant provides the mechanical strength. Relieving the solder 
5 of its mechanical tasks allows the use of soft, ductile and fluid-like solders that 
deform laterally with the expansion and contraction of the structure without the 
fatigue^ drackihg normally experienced by conventional solders: 

^AhbtMrerh^ within the 

novel- compliant encapsulant previously described a Bdmjpfiaftt fcb'MuCtlve 

10 adhesive whkih exp^ or Pooling to absorb 

the stresses created by the mismatch in ^xd^lBierifc' of thermal expansion and 
prevent? Mhcfing of the chip 5 and':&%stt^ of each other, the 

structural properties of the novel encapsulant provides the mechanical 1 connection 
f eijiiifed in the structure while the electrical prbpehies of the compliant 

15 conductive adhesive provides the required electrical connection between the chip 

■ ■ ■■■ arid the .substrate; •'■ ' •"' 

The semiconductor chip package structures of the present invention 
f provide,' among other advantages, simple chip placement' followed by reflow 
without labor intensive underfill steps; a solder bumped or conductive adhesive 
20 x bumped chip or substrate with an encapsulant pre-attached, with the encapsulant 
performing a mechanical function and the solder or conductive adhesive 
performing an electrical function; a pre-coated chip encapsulant of two or more 
layers, each layfer performing a distinct function of attachment or reworkability; a 
reworkable flip chip assembly by means of a remeltable polymer in the 
25 encapsulant; ari electrical redistribution layer within' the encapsulant; a low-cost 
: : method for applying the solder bumps to a flip chip or flip chip substrate by 
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creating holes .in a pre-coated encapsulant; and a low-cost method for applying 
the conductive adhesive bumps to a flip;, chip . or substrate by creating' holes in a 
pre-coated encapsulant; and a compliant chip,understructure that includes a 
fatigue-less solder or conductive, adhesive. j . 

5 BRIEF DESCRIPTION QE THE DRAWINGS - v „b 

FIG. 1 is a 4i^grammatip. rpprqse.^tation of a priar r art :> upde^fiUed flip-chip 
structure under expansion-induced strain at elevated temperatures. 

]FJG...2,.is r a.^ flip-chip 
structure .und^an^ ^rg^uped tem^r^mres^ >n 

10 ... ^ t , FIG. 3 ;is an ( as^^ 

.^..embod^^ >V / ' ..-n:: . ■ ^ 

^ fljipH^hip . st^$ure; v : , . ., q . }e , ^ ;n vn ';o — o?n ;^ui^ ;' ^ 

% , r v FIGS, 5-7 ..are diagyainm^a.representatiQns of another embodiment for 
15 . fanning a flip-chip stmcmre. . , M _, v - r - • - -v-- - 
FIGS. 8 and 9 are diagrammatic representations of another embodiment 
for forming a flip-chip structure. 

FI(3, JO is a diagrammatic representation of a flip-chip structure wherein 
the first portion of the encapsulant, material is applied to the bumped chip and the 
20 . second pprtion is applied to the substrate. 

FIG. 11 is a ; diagrammatic representation of the flip-chip structure ofjgtG. 
10 after assembly. , . _ 

FIG, 12 is a diagrammatic representation of a flip-chip structure wherein 
the first portion of the encapsulant material is applied to the bumped chip and the 
25 second portion is applied over the first portion. .. 

FIGS. 13 and 14 Illustrate a method for placing a flip-chip onto a printed 
circuit board that avoids entrapment ,of gas bubbles or formation of voids in the 
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encapsulant. ' " 

' FIG. 15 is a diagrammatic representation of a compliant flip-chip 
. structure in accordance with the present invention. 

FIG. 16 is a diagrammatic representation of the compliant flip-chip 
5 structure of FIG. 15 under expansion-induced strain at elevated temperatures. 
; ... l FIG. 17 is a diagrammatic representation of the compliant flip-chip 

structure of FIG. 15 under contraction- induced strain at reduced temperatures. 

FIGS. 18 and 19 are diagrammatic representations of yet another 
embod irmm for forming a r rl ip-chip- s trtic tare. 1 ; ■ ^ 1 ' 
) . » ; /lv.; FIG. 20 is a dia^amiiiatit re of the ^workability of the flip- 

■ chip structure of FIGS: 18 and 19! r ' — ! " ; ; - - ' ! '\ 
f ' FIGS; 21 a'ifd 22 aire diagram^^ of still" "another 

n^ i- embodiment df ^ flip^cM ' r 7 • - ; 1 ^ v 

V. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
— r. Referring to FIG* 3/ an integrated 'circuit chip 10 is sftbwn mounted on a 
substrate 20. A plurality of solder pads 12 on top surface 26 of the substrate 20 
are arranged to receive corresponding solder bumps 14 connected to the contact 
pads 24 of the chip 10. Each of the- solder pads 12 is metallized so as to become 
■ solderable and electrically conductive to provide an electrical interconnection 
between the chip 10 and the substrate 20. With this flip-chip mounting . 
arrangement; a gap 18 is formed around the solder buixips 14 between the top 
surface 26 of the substrate 20 and the bottom surface 16 of the chip 10. The gap 
18 typically varies from 2 to 6 mils. The gap 18 is completely filled with an 
encapsulant material 22. In one embodiment of the invention, the encapsulant 
material 22 is a compliant polymer composition. One preferred compliant 
composition,* which is riot meant to limit the invention but only "by way of 
example, is a compliant polyimide-siloxane co-polymer 'such as SumiOxy® 2421- 
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A6-SP available from Oxychem, Grand Island, NY. Alternatively, in another 
embodiment of the instant invention,, the eneapsulant material 22 is a rigid 
polymer composition. One preferred composition, which is not meant to limit the 
invention but only by way of example, is an anhydride-cured epoxy resin. Other 
5 types pf encapsulants known to those skilled hi the art accessible. The 

eneapsulant material, 22 is applied to the chip in either liquid or adhesive tape 
form, then hardened, : ' .-.m .. - ^ : V ^ 

In another embodiment, the chip 10 having septate discrete solder bumps 
.14 pr£-assenibled thereon is preceated with the eneapsulant: material 22;prior to 

10 assembly to the substrate 20 (FIG, 4);t»alle^aje the sndeifffil problems of the 
,. pr^orart prpce^se^ancUo pyercome^e, performance limitations of substrates 
which are pre-coated with a homogeneous -epmbihajtion ®f adhesirve material, 
fluxing agent and curing agent or chips which are pre-coated with a homogeneous 
v , t e|wnbraation-.;p| a<ttesiy& material, -fljixuig' ag^jCtffijjg, a$5nl and metal particles. 

1.5 The separate discrete solder bumps wkh eneapsulant- material therearound 
provide superior electrical performance Gorapared^ta a distrifoution-of metal 
particles spread throughput an encapsulating material.: The encapsulating 
material 22 is uniformly spread^acrpss-dje surface 16 of ; the chip 10 between the 
solder bumps 14 covering the remainder of the chip 10. The chip lO is then 

20 positioned so that the solder bumps |4 are facing the substrate 20sand aligned 
with the solder pads 12 of the substrate. In one embodiment, the solder bumps 
14 protru.de beyond the eneapsulant after the eneapsulant coating step. In an 
alternate embodiment, the solder bumps 14 are covered by the eneapsulant 22 
wherein the eneapsulant is ground, melted away, .shaved off or.otherwise 

25 removed to expose the, solder, bumps prior to attachment to die substrate. The 
eneapsulant 22 and solder bumps 14 are moved into intimate contact with the 
substrate. 20 an4 solder pads 12, respectively. The assembly is heated to cure the 
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encapsulant 22 and reflow the solder using infrared reflow technology, preferably 
in a nitrogen blanket to attach the solder bunips 14 to the contact pads 12 of the 
substrate 20. Other heating and reflow techniques, known to those skilled in the 
art, are possible ; The encapsulant 22 provides a continuous 'seal between the 
5 chip 10 and the substrate 20. 

In yet knother embodiment (FIG; 5), the circuitry on the bottom surface 
16 of the chip 10 is coated witW the encapsulant 22 then the contact pads 24 are 
, , exposed by making vias 28'thrcnagh the' encapsiilarit : ^2 : -(e.g. ^ either with a laser, 
plasma', chemical etching, ,; a drill or by photo-imaging ahd development: or any 
10 other method knowivto ^ohe skilled in the art) (FIG: Sj: The vias 28 Within the 

encapsulant 22 are then filled with bolder W (&G?7) ~ ot a-feonductive' adhesive as 
; described in U. S. Patent M6v 5;376#03 which is fotced into the' holes by solder 
- injection ihdlding, solder jetting* screen printing, or other methods khbwn to 
those skilled in t^Wrt. With any of these Embodiments, the sold&t 30 is 
15 refloWed to form the electrical cbnnectiou 1 between the ehi£ and the substrate 
while the encapsulant 22 bonds to the 1 substrate 20 and the chip 10 to form the 
structural connection. 'As* can be easily appreciated by one of ordinary skill in 
the art, aiiy of the above-described embodiments can be modified by pfecoating 
the substrate 20 (rather than the chip) with the encapsulant 22 or encapsulant 22 
20 and solder 30 combination as shown in FIGS . 8 and 9 , respectively . 

Referring to FIG. 10, an integrated circuit chip 10 is shown mounted on a 
substrate 20 in accordance with another embodiment of the present invention. A 
plurality of solder pads 12 on top surface 26 of the substrate 20 are arranged to 
receive corresponding solder bumps 14 connected to the contact pads (not shown 
25 in this embodhrient) of the chip 10. Each of the solder pads 12 is metallized so 
as to become solderable and electrically conductive to provide 'an electrical 
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interconnection between the chip 10 and the substrate 20. With this flip-chip 
mounting arrangement, a gap ; 18 is formed around the solder bumps 14 between 
the top surface 26 of the substrate 20 and the bottom surface 16 of the chip 10. 
The gap 18 is completely filled with an encapsulant material 22. The gap 18 
5 typically varies from 2 to 6 mils. : ■ 

FIG. Illustrates one ^bodimgnt, fptfonBPgrt&e. fiiptchip package 
illustrated in FIG, .10 using; two pre-cpated poFtipns of encapsulant: -The chip 10 
having separate, discrete §.old^r..burop^M^f«^ se * I ^^^^ e ? m is-pre-coated 
with the: first portion. 37,, qf,an enc^ps^lantin^teiia}^ (J?IQ\,\Q) pjiopitp 

10 assembly, to the substrate, 2£ v Tke ^r&j^ijioifc ?7^wm&>®&t material, 
. ^preferably highly fflled^ reduceats coefficient of .jhtipiatexparssipn and 

, increase its moduiu&relatiye tp the , encapsulant matgriarinot having jany filler. 
(i TJie.. substrate 20, -haying a flat^n, off e^te^djs^te ^0l<ierjljls c i»e^l pads 12 
thereon,, is pre-coated ,^ith the.seoond pqrtiqn v 39 of^e encaps,uiapt material 

15 prior tp^sembly with the .chip 10. ,T;he second portion^ . of >th& ; encapsulan£; . 
material contains little or .no, filler, i^ria^^he tw^a^er-.^pfigu^atjon 
alleviates the underfill .prpblems of the prior, art processes and overcomes the 
performance limitations of substrates which are pre-coated; with a homogeneous 
combination,of adhesive material, fluxing agent and curing, agent or, chips which 

20 are pre-cpated with & homogeneous combination of a,dhesive, material,- fluxing, 
agent, curing agent and metal filler particles. 

The first portion 37 (FIG. 1 1) which makes up part of th§ (encapsulating 
material 22 (FIG. 10) is uniformly spread across the surface 16 of the chip 10 
between the solder bumps, 4 4 to cover the remainder of the chip surface. The 
25 second portion ,39 (FIG. 1 1) which makes up part of the encapsulating material 
22 (FIG,. 10) is . uniformly , spread across the surface 26 of the substrate 20 over 
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the solderable metal pads 12 covering the chip region of the substrate 20. The 
chip 10 is then positioned so that the solder bumps 14 are facing the substrate 20 
and aligned with the solder pads 12 of the Substrate 20. The solder bumps 14 can 
l protrude beyond the first portion 37 (as shown hi FIG. 11) of the encapsulant 
5 after the encapsulant coating step of the chip 10 : The encapsulant portion 37 and 
solder bumps 14 are moved into intimate contact with the^encapSulant portion 39 
v : andsblder pads. 12, respectively. The combination of portions 37 and 39 forms 
the encapsulant 22 (FIG. 10). The assembly is heated to cure the encapsulant 22 
a: - and^refiow ^ in a nitrogen 

10/ i blanket-to^attaSfr ihe ^tfldeF ; feufeps 14 to the contact piads 12 of the substrate 20. 
Other heating skilled in the' art, can be 

usbd ih^the present -inventionv The ericapisWanf22 provides ; a continuous seal 
:>■ between the chip 10 arM-the Substrate 20; ^ r ^ 

k. < / FIG* 12' illustrates another^ fembbdimeht^r forming the flip-chip package 
15 illustrated in FIG: 10 utfifig : twd pre-cdated discrete portions of encapsulant. The 
chip 10 having separate discrete solder bumps 14 pre-assembled thereon is pre- 
- coited with the firstportion 37 of } an encapsulant materikl 22 (FlG. 10) prior to 
assembly to the substr&te L 2G. The first portion 37 contains a filler material, 
preferably highly filled, to reduce its coefficient of thermal expansion and 
20 increase its modulus^ The first portion 37 is then pre-coated with the second 
portion 39 of the encapsulant material prior to assembly with the substrate 20. 
Thd second portion 39 of the encapsulant material contains little or no filler 
material. The first portion 37 (FIG. 12) which makes up paft of the 
encapsulating material 22 (FIG. 10) is uniformly spread across the surface 16 of 
25 the chip 10 between the solder bumps 14 to cover the remainder of the chip 
surface. * The second portion 39 (FIG. 12) which makes up part df the 
encapsulating material 22 (FIG. 10) is uniformly spread over the prior applied 
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first portion 37. The chip 10>. then positioned so that the solder bumps 14 are 
facing the substrate 20 and aligned with the/solder pads 12 of the substrate 20 as 
described before, : The encapsulant portions 37 and 39 and solder bumps 14 are 
.. moved into intimate contact with the substrate 20 and solder pads 12. The 
5 combination of portions 37 and 39 forms the encapsulant 22 (FIG. 10). -The 
assembly is heated to cure the encapsulant 22 and reflow me spider as described 
„ before to attach die solder bumps 1,4 j0the(Qdnta"ct pads, 12rpftitet substrate 20. 

FIGS,. 43 and!4 MJ^stx^ 
portion -37 ,and solder bujnps 14 wi^ t jtto©f!^rtippi39f 
. .10 respectively;. , $is^methpdjs;;de^^ shown in 

FIG. 1 1 , but is ^guailyiapRhcablf ,tp thjhej»boto 12. The 

chip 10 is initially oriented) at^an-angje to; the substrate 20.. As thecencapsulant 
portion 37 and the solder bump on the end of the chip 10 are moved into intimate 

. cqntact with the portion 39 and solder pad; li* tjje chip is pivoted about the first 

. 15 point of.contact until all of the. spader bugip&14 are,in contact ; with. the solder 
pads 12. In, this, manner* any gas, that could^ossihly be entrapped; between the 
. first portion 37 and,the. second portion 39 Js^xpelledas indicated by arrow 41 in 
FIG. 14 to preyent formation of voids in the encapsulant. 

Generally, the chip 10. is passivated with a thin layer of either silicon 
, 20 nitride, polyimide, or benzocyclobutene. To adhere well to the passivation layer 
(not shown) on the chip 10, a chip bonding. layer (not shown in this embodiment) 
may .incorporate a coupling agent (not shown) such as a silane. T© adhere well to 
the encapsulant 22, the coupling agent (not shown) provides a.ehemically 
compatible moiety for bonding. For example, the preferred moieties can be 
25 epoxides, anhydrides, hydroxy Is ;:.or other moiety that readily bonds to the 
. encapsulant 22.. , 
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r - The adhesive of the first portion 37 can be either an adhesive flux or a 

compatible noh-fluxing adhesive-. The significant properties of the first portion 
■ 37 are: ■ ' ' • 

1 . After cure, a coefficient of thermal expansion in the vicinity of 25 
5 ' < l ppm/°C; 

2. After cure, a Tg above' 120 6 C? 

3. After ciire^ a inodillus greater than 0.1 GPk, preferably greater 
c ■■ ■ ' A than'4 GPa; : ' ! r ■ - ' * >y : " !;! -" 

' W. ' - : After cure? high 1 adhesion to ttie 5 chips pasisivatioii'layeir that 
10 usually consists of silicon nitride, polyimide, or benzocyclobutene; 

■■■■' r ->'- ■ : < ; 5v :,i: : - T S61ventlessr' : r ^ ' ' ■ »■ ■ '■ : ' ;, ' : -- : - ;r -' r ""- 1 ■ ■ 
•* - " '^6; A" chemical x^i^^sitibri^h that itdbes not interfere 'br adversely 

^ ■>'' - K : affect the prbpertifes of the Second jportioti 39 of the eneapsulant to 
1 " • f( - - whi&h it will be mated; arid ' ""-^ 
1 5 - ; ^ 7 . ' r : After cure ; higH ; adhesibri to the 'second portion 39 of die 
: ( '' ; 6iieSpsulant.>' 

Since the intrinsic coefficient of thermal expansion and moduli of most 
polymeric adhesives do not satisfy the first or third properties above, the most 
distinguishing feature of the first portion 37 of the present invention is that it is 

20 filled with a high concentration of a powdered filler having a lower coefficient of 
thermal expansion and higher modulus, generally an inorganic material, and most 
preferably silica. The filler having a higher modulus and lower coefficient of 
thermal expansion than the adhesive alone produced an adhesive-filler aggregate 
having desired properties. Examples of such adhesives are Araldite CW1195US 

25 with eitreer HW1196US available from Ciba Geigy Corporation and Hysof 

FP4527 and Hysol* FP4511 available from the Dexter Corporation of Industry, 
California. ' - ; * 
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, Preferably, the adhesive of the, first portion 37 is. preferably an adhesive 
flux, The significant property of the preferred first portion is that, in addition to 
the properties listed above, the preferred first portion adhesive does not diminish 
the flow of the spider during the solder reflowing operation. Many non-fluxing 
5 adhesives tend to either cure too quickly or react with, the second portion 
adhesive in ways that decrease the wetting and spread of the solder during 
reflow. Using an adhesive flux highly Jlled with a powder filler that imparts the 
required coefficient of thermal expansion and modulus to the adhesive flux 
. provides a first portion 3,7 that, has,4ittle ax, naeffecjTon the spread of the solder. 

10 The embodiment of FIG. 15 is a multUayer, compliant understructure 

configuration haying twg discrete, b^nd4ng4a^r&32, aijd 34 in combination with 
.any of the abpve-de^crjbed^bodiments fpr thejencapsulant and solder. Chip 
bonding layer 32 is a thin polymer, pr coupling : age,nt, with high adhesion to the 
chip passivation layer (not shown) on.the face of the chip 10. The chip bonding 

15 layer 32 is a thin interfacial layer adhering the encapsulant material 22 to the chip 
10. The substrate bonding layer 34 is a thin, adhesive flux layer adhering the 
. encapsulant 22 to, me substrate 3oT T, rV , • - •: 

The chip bonding layer 32 has the foUowing jprope^ties; 

1) chemically bondsto the. encapsulant 22 to provide high adhesive 
20 . strength to the encapsulant; and .. , 

2) chernically bond? tp me passivation layer on die chip 10 to provide 

; ., high adhesive strength to the chip. . ; ;; 

Generally, the chip 10, is passivated with a thin lay er t ,of either silicon 
nitride, pqlyimide, or benzocyclobutene. To -adhere well tq .the passivation layer 
25 (not shown) on the chip 10, the chip bonding layer 32 may incorporate a coupling 



21 



WO 99/04430 



PCT/US98/15034 



: agent (not shown) such as a silane. To adhere well to the encapsulant 22, the 
coupling agent (not shown) provides a chemically compatible moiety for bonding. 
For example, the preferred moieties can be epoxides, anhydrides, hydroxy Is, or 
other moiety that readily bonds to. the encapsulant 22 . 

5 The substrate bonding layer or adhesive flux 34 is a composition with the 

following properties: 

1) a r strong fluxing agent that removes oxides from the metal surfaces to 
6 < be soldered and promotes wetting "6f the metal pads to be soldered; 
- ( - 2) erosislinks into an Adhesive polymer during the soldering 'operation, 
10 n ; chemically immobilizing 

' byproducts; : ' ; 

Jr 3) lias a sufficiently loNV' visdo^ity durihg the soldering operation that it 
jr r does not impede the flow of the molteniolder; 
c 4) after curing, no cleaning or washing for flux removal is required; 
15 5) high" kdliesive Strength after cure; 

6) corrosion resistance and resistance to degradation at soldering 
temperatures; and 

7) does not evolve any gases that can cause voids or bubbles in the 
adhesive during curing. 

20 In general terms, the substrate bonding layer or adhesive flux 34 

comprises a liquid 6r solid composition which acts as both a primary fluxing 
agent and a crosslinking monomer or polymer. More specifically, the adhesive 
fluxes comprise the following: 

1) chemical components with carboxylic acid moieties for fluxing; 
25 2) chemical components with polymerizable moieties for crosslinking the 

composition; 
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3) a chemical or mechanical mechanism for impeding or preventing the 
onset of polymerization of. the composition until the spider has melted 

" ' ~ ■ and wetted all the surfaces to be .soldered; and 

4) optional solvents, fillers, moderating agents, surfactants, modifiers, 
5 resins and other additives performing desirable functions and 

generality known to those stalled; in the art. < v 

^,numbej of P9mpx>sitions i .aiB.IgiQ^ hi the, prior ^art comprising these 
features., such .a$ described in US Patent Hos. t 5,376,403, 5^,088,189, 5,136,365 and 
5, 128,746. A .preferred .cp^po^tjpn,if!dirTOted ; to fluxing adhesive compositions that 

10 ,.include,a fiuxm& agent. cx?^^ is capable of 

functioning as both a primary fluxing agent and a crosslinking monomer. Generally, 
depending upon the. inten.de^ end .use, ,.^e inventive thermally curable adhesive 
composition comprises .(a) a fluxing age^ : haying r a. carboxylic acid group and one or 
more carbon-carbon . double bonds, , (b) optionaUy, . a crossliakable diluent, (c) 

15 optionally, a free-radical initiator, and (d) optionally,, a, resin. . 

In addition the thermally curable adhesive composition may include a solvent 
. for adjusting the viscosity. Other viscosity modifiers, thickeners and thixotropic 
agents may also be added. Fillers, such as silica powder, can be employed for 
increased modulus and lower thermal coefficient of expansion. 

20 1. Fluxin g Agents . The preferred fluxing agent has the structure RCOOH, 

wherein R comprises a moiety which include two or more carbon-carbon double 
bonds. . .. 

For high flux activity due to the presence of multiple carboxylic acids, the 
preferred fluxing agent is a carboxylic acid that is selected from the group consisting 
25 of compounds represented by Formulae I, II, III, and IV and mixtures thereof, 
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HO0CCH=GH(O)COR 18 OC(O)CH-CHCOOH (I) 

R 2 H 2 C(HCOR n ) n CH 2 OR 3 (II) 

[X l X 2 X'X 4 ]C (III) 

R 17 COOH (IV) 

5 >■ Wherein R- 8 is an alkyl having 1 to 16 carbons, preferably 1 to 9 carbons, and more 
preferably 1 to 3 ! carbons, wherein n is an integer from 1 to 16 preferably an integer 
; from I to 9^ and more preferably an integer from 1 to 3, wherein each of R 1 , R 2 , ...R", 
is independently selected from ^C(0)GH= i CHCOOH 5 and H, wherein X 1 , X 2 , X 3 , and 
: X 4 3 <are each independently selected frbm -CH 2 OH aiid -CH^DC^C^CHCOOH, 
r 'and Wherein'R 17 ' iS : a moifcfy faalvirfg two of rnorfe carbon-carbon double bonds and an 
amine moiety/ fluxing agent typically c^niprises about 0.0i'%-100% 5 preferably 
about 5%~80% 5 and more preferably about' 1 b%-?6% by volume of the thermally 
curable" adhesive compositi6ii: : A particularly preferred fluxing agent 'which has low- 
viscosity and high flux Activity is tris (hialeicacid) glycerol monoester which is 
described in Example 1. '' ' 

• The fluxing agents d£4kts^^ Exhibit flux activities that are superior 

to that of prior art polymer-fluxing agent mixtures. Since the inventive fluxing agents 
are intrinsically self-crosslinki'ng, the preferred thermally curable adhesive 
composition does not require the use of epoxy resins for crosslinking. As a corollary, 
^ the shelf life or pot life of the preferred composition is long and its flux activity high 
! relative to conventional polymer-fluxing mixtures that include epoxy resins. 

> Further, the adhesion propertied, mechanical integrity, and corrosion resistance 
achieved with the fluxing agents are superior to those achieved with prior art polymer 
fluxing agents because there is no heed to add aggressive fluxing activators. The 
inventive fluxing agents are fully cross-linked and all components thereof are 
chemically immobilized upon curing. Even the reaction by-products of flux 
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deoxidization of the metals may be chemically bound in the polymer matrix. 

Carboxylic acids function well as fluxing agents to remove oxides from metals. 
In addition, carboxylic acids are also very effective crosslinking moieties when present 
in their reactive form in a fluxing composition containing a suitable thermosetting 

5 resin, such as an eppxy. For this reason, ,in the prior art, chemical protection of the 
carboxylic acid , was essential to ,achievang , stability, and preventing premature 
reactions. Protection was achieved by binding. the, fluxing, agent with * chemically- 
or mermallyrtriggered species so that ix^rnm^^^^-^^^^^ time that 
the solder melts. ; Hpw^yer 4 -with t\xc p^5e^t,^€s^i<^Q.sa# J i^teeti(»i is necessary 

10 because the comppsitipns.can ^e. fopwjla^di^th^ ^apy^ompW^ts that can 
crosslink with the carbolic , ^.mpie^T^si^^t? in* fluxing agent that can 
function at its full .strength with the rAejal : pxides to produce s fluxir*grthat is superior 
\ to any heretofore pplymerizable fluxing agent,. The flux .activity -of the inventive 
fluxing, agent in some applications may be too high thereby requiring dilution of the 

1 5 fluxing agent to prevent formation of undesirable gaseous by-products. 

With the inventive fluxing agent, the principal crosslinking mechanism occurs 
at the carbon-carbon double bonds existing in the fluxing agent molecule and not at 
the carboxylic acid groups. The carboxylic acids do not react with the double bonds, 
therefore on its own, in the absence of other molecules that can react with the 
20 carboxylic acid, the fluxing agent does not polymerize at ambient temperatures. It is 
at elevated temperatures that the double bonds begin to open and react with other 
opened double bonds to crosslink. Since each fluxing agent molecule contains at least 
two double bonds, the molecules crosslink into polymeric networks. 

By eliminating the need for a separate thermosetting resin in the flux 
25 composition, as is required in the prior art, the flux activity; can.be kept very high 
without concern about pre-matare,ly . cross-linking the thermosetting ; resin. By 
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crosslinking the fluxing agent itself, an adhesive having a higher glass transition 
temperature and lower coefficient of thermal expansion can be created without 
sacrificing fluxing activity. ■ - 

A preferred embodiment of the fluxing agent has an amine moiety that is 
incorporated into the fluxing agent molecule itself. The generalized structure for 
carboxylic acids containing two or more carbon-carbon double bonds and also 
containing an amine is: 

R7 C -O- — -H 



in which R 7 comprises at least one amine group and two carbon-carbon double bonds. 
For high flux "activity dub to the presence of multiple carboxylic acids, the presently 
10 preferred carboxylic acids containing double carbon-carbon bonds has the general 
structure: 

^CH 2 -CH20R 3 
N" -CH2-CH2OR4 

CH2-CH2-OR5 

where R 3 , R 4 , and R 5 are either -H or -OCCH=CHCOOH. For its low viscosity and 
high flux activity, a panicularlypreferred amine containing fluxing agent is tris 
■ (maleic acid) triethanolamine monoester which is described in Example 2. 
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The fluxing agent molecules having an amine moiety can moderate each other 
without the addition of a separate component, as illustrated here: - 

The net result of this moderating mechanism is to cause the fluxing agent to 
gel at room temperature. Yet, as the temperature is elevated abdye approximately 50- 
1 00 °C, these materials will liquefy readily to a low viscosity liquid^ indicating the 



N 

"CH 2 -Crt 2 0-0C-CH=CH-C=0 
HOOCCH-CHCO-OCM2CH 2 ovCH 2 -CH 2 0-OC-CH=CH-COOH 

. _ ri :j . , ^l^CH-O^ i ; 



thermal disassociation of these ionic bonds. Thus the carboxylic acid moiety is then 
fully discharged to flux the oxidized metal surfaces at temperatures above 50-100 °C. 

Fluxing agents that do not contain nitrogen (e.g- amine) as represented, for 
example, by Formulae I, II, HI, and IV, typically are liquid at ambient temperatures 
(-23 °C). Therefore, no solvent is required. In contrast, amine containing fluxing 
agents are solid or semi-solid at ambient temperatures and form gels with the addition 
of water or other solvent. Thus, by employing both amine and non-nitrogen 
containing fluxing agents and optionally including a solvent, a thermally curable 
adhesive composition having the consistency of a tacky gel mixture can be 
formulated. With the present invention, thermally curable adhesive compositions can 
be formulated to be in the liquid, gel, or solid state. 
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' 2.- Diluents . The presence of carbon-carbon double bond(s) in the preferred 
* fluxing agent molecule allows much flexibility in the formulation of a flux 
■ composition with exceptional thermomechanical properties. This is achieved by the 
addition of double bond containing diluents that can also crosslink with the preferred 
5 flux to create a superior adhesive. This technique permits the design of fluxing 
adhesive " compositions that can attain high crosslink densities, which are desirable 
•for good thermomechanical properties and good adhesion. Moreover, this is 
accomplished without the concern of premature crossiinking arid reduced pot life 
associated -with the prtdr art -' Preferred diluents' include, for example, (a) penta 
10 - ' «rythritol ^ fetraacrylate; ' -C(GH,OOCCfl=CH 2 ) 4 , (b) triallyi-l,3,5-triazine-2,4,6 
(lH,3H,5H)-trione, (c) tris[2-(acryloxy)ethyl]isocyanurate, and mixtures thereof. 
Diluents (b)' and (c) have' the Mlowing stmcteesr ^ 

1 " CH 2 CH=C ! H2 ' CH 2 CH 2 OCOCH==CH 2 

CH 2 =CH-CH 2 -N^,N-CH 2 CH=CH 2 CH 2 CH 2 OCOCH=CH 2 -N_-N-GH 2 CH 2 OCOCH=CH 2 

Other double bond compounds, many of whicb are commercially available, including, 
for example, diallyl phthalate and divinyl benzene can also be used. Hydrophobic 
15 diluents as described are' preferred but hydrophilic diluents can also be employed 
when appropriate: The diluent when employed typically can comprise up to about 
90%, preferably between about 5%-80%, and more preferably between about 50%- 
80% by volume of the thermally curable adhesive composition. 

One benefit of employing hydrophobic diluents is that their presence tends to 
20 reduce the amount of water which the cured adhesive composition will absorb. The 
reason is ihat the fluxing agent, when crosslinked, will have active carboxylic groups 
that can attract water, even though these carboxylic groups, being part of a network, 
• - :*are immobile. ''Water acts as 'a plasticizer which' softens ; the cured adhesive 
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composition. The use of hydrophobic diluents which are crosslinked to the fluxing 
agent will counteract the hydrophilic effects ,of the carboxylic acid groups. Indeed, 
the cured adhesive comppsitions containing hydrophobic diluents can have less than 
2% (wt) moisture, when exposed to ambient conditions. : ; .■ 

3. Free Radical Initiators . Whilethe preferred thermally curable adhesive 
flux composition can be,, cured, using heat alone,; the cross linking reaction can be 
initiated and facilitated by the presence . of free-radicals, including, fbrexample, those 
generated by benzoyLperoxide, butyl hydroperoxide, 2^.-azj>fei§isQl>utyronitrile, and 
fixtures thereof These free radical initiators or sources are commercially available. 

Free-radicals ca^ b.e^reate^ irhsitu by exposure .pf fte Aee-rradical initiator to 
heat, radiation, or other conventional energizing sources. Introduction of an 
appropriate free-radical initiator can accelerate the onset of crosslinking to the desired 
moment "in a solder reflow operation. The presence Pf a small amount of free-radical 
'crosslinking initiator in the 'fluxing agent can be used to control the rate and the 
temperatureof crosslinking of the fluxing agent, ensuring effective fluxing action and 
strong adhesion of the .fluxing agent to the substrates upon curing. 

The free,radical initiator when employed typically comprises up to about 5%, 
preferably between about 0%-3%, and more preferably about 0.3 o /^l% by weight of 
the thermally curable adhesive composition. 

4. Resins . The preferred thermally curable adhesive flux composition does 
not require resins; further^, compositions that do not include resins tend to have longer 
pot lives and lower viscosities during solder reflow. However, as, an option, a resin 
can be employed and it functions to .increase the adhesion of the cured composition 
to the substrate and to increase the cohesive strength and glass transition temperature 
of the cured composition. The resin may be any suitable resin that is compatible (i.e., 
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- ■ . blendable) with the preferred fluxing agent. By blendable is meant that the resins do 
not have to be chemically, bonded to the fluxing agent and/or diluent, however, 
preferred resins can crosslink with the carboxylic acid groups in the fluxing agent or 
: by, other reactive moieties, such as optional -OH groups, in the diluent. Resins which 
5 meet these requirements include, but are not limited to, epoxie§> phenblics, novalacs 
, (both phenolic and cresolic), polyurethanes, polyimides, bismaleimides, maleimides, 
cyanate esters, polyvinyl alcohols* polyesters, and polyureas. Preferred resins 1,4- 
cyclohexmiedimethanol digly cidyl ether, ' 3 ;4"epoxycycl6hexylmethyl 3 ,4- 
< , epoxycyclohexanec^rboxylate, N,N-diglycidy^4-glycidyi-oxyamlline, bisphenol A 
10 based epoxy resins, and mixtures thereof. These are commercially available. 

Suitable compounds (including polymers) can also be modified to form resins 
that are blendable with: the diluent and/or the darboxylic acid fluxing agent. 
Examples of such compounds; are; acrylics; rubbers (butyl, nitrile, etc!); poly amides, 
- p.olyacrylates, polyethers, polysiilfones, polyethyte^^ 

15 polyvinyl acetates/polyvinyl .estersfpolyoleftas; cyari^acrylatbs, 'arid : polystyrenes. 
Generally, any compound can function as a resin if it can be modified to contain at 
least one of the following illustrative functional groups that act as reactive sites for 
, polymerization: anhydrides,- carboxylic acids^ amides; amines, alcohols/phenols, 
nitriles, carbamates, isocyanates, sulfonamides, semicarbazones, ; oximes, hydrazones, 

20 cyanofiydrins, ureas, phosphoric esters/acids, thiophosphoric esters/acids, phosphonic 
esters/acids^ phosphites, phosphonamides, and sulfonic esters/acids. For example, a 
polyolefm which has no reactive sites for binding and has poor adhesive properties 
is typically not a suitable resin, however, a carboxylated polyolefm functions well 
when matched with a suitable cross-linking agent. A combinatibn of these and other 

25 resins, such as non-cross-linkable thermoplastic resins, may also be used as resins. 
Resins when employed can comprise up to &b6ut 80%, preferably between about 
10%-80%, and more preferably about 60%-70% by volume of the thermally curable 
adhesive composition. - ^ :< < • • J 
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, In preparing the preferred fluxing composition, the proportions of the four 
components may be varied over a considerable range and still yield acceptable fluxing 
. activity as well as good post cured material properties. Preferably, the fluxing 
composition employed does not produce gaseous byproducts* that can result in the 
5 formation of bubbles in the final cured composition. ' This can be achieved with 
. thermally curable adhesive compositionypreferably formaia'ted as follows: 

a) Fluxing agent comprising abou*'5%-80&4> (vol) of the composition; 
sb) Diluent comprising about 5.%480?/o (vol).oftths':cofnpOs : rtioh; 
y : .,. ti > ;. c} Free radical initiator' comprising^bout; <'w4> of the Composition; 

10 and • ; ;: . • 'O'.niM* -OIL- X^fu Li''*.-, ^'u-^.: '' 

d) Resin comprising about 0%-80% (vol) of the composition. 

. . , r • ; -Some of the.thermally sjurabtejadhesive c^apositioas^fcithiflfiaibse-ranges may 
, ...... v exhibit undesirably higb,<-moistw£ absorption; low-glass transition temperatures, or 

high coefficients of mermaliexpansionsiafiercuredyto they remain &SeM as fluxing 
,15, compositions in applications, where, ^^these.eharacteristies^ate notcriticaLi 

. Most p^jfe^Wy,. ti^itjiaa»ally,curabl6 adhesive.comp'ositio»iafter- being cured 
has a coefficient of; thermal .expansion of about- 25. pprn^C, 'a. glass' transition 
temperature in excess of .150 °G and moisture -content^ of less than 2%. These 
20 characteristics can be achieved with thermally; durable adhesive compositions 
preferably formulated without any free radical initiator or resin but comprising 
about .10%-70% (v§l) fluxing agent and about 20%-80% (vol) diluent* • 

While, again, some of the fluxing agents within these ranges may exhibit high 
coefficient of thermal expansion or low glass transition temperature when 1 cured, they 
25 remain useful as fluxes in applications where these characteristics are not critical 

In order for the thermally curable adhesive composition to achieve r the largest 
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spreading and wetting by the solder, it must achieve and maintain low viscosity up 
to the temperature at which the solder melts and wets the metallizations. If the 
' composition becomes too thick before the solder has melted, it will impede the flow 
of the solder melt and reduce the degree of metal soldering. For this reason, the 
5 curing of the composition must occur slowly relative to the time required to reach the 
* ' ■ * ; melting point of the' solder. This can be achieved by selection of the components with 
appropriate crosslinking temperatures arid formulating the appropriate proportions by 
v use of a 'Mffererttial scanning calorimeter to control reaction rates and times. 

The thermaily ctirable a^esive composition can also be used as a fluxing 
10 ' actilesivt for"usB : iii siht&bblei dori&uclive ink composftiofiSlhat comprises: 

1 ' ; ; a) ,; 1% to 65%'(v^) : 6fa Mgli melfing point metal or metal i'lloy powder, 
typically comprising Cu powder, however, other metals such as, for example, Ag, Au, 
" Pt, Pd .Ete, Rh, Ni, Co, Fe, Mo, arid high-melting point alloys thereof; 

b) 6% to 65% (wt) of a low melting point metal or metal alloy powder 
15 (solder), typically 'comprising Sn, Bi, Pb, Cd, 2n, Ga, In, Jig, Sb, or an alloy thereof 
or dther metal having a melting point that is lower than that of the high melting metal 
powder in part (a); and 
" r c) 5% to 50% (wt) of the thermally curable adhesive flux composition 
that also serves a flux composition and as an adhesive. 
20 Preferably the conductive ink composition comprises 13% to 65% (wt) of the 

high melting poiht metal, 6% to 29% (wt) of the low melting point metal, and/or 5% 
to 35% (wt) of the thermally curable adhesive flux composition. 

Techniques for employing electrically conductive ink compositions are 
described in U.S. Patents 5,376,403, 5,538,789, and 5,565,267 which are incorporated 
25 herein. During the curing process of the sinterable conductive ink compositions, in 
order for the solder alloy to readily wet the other powder and sinter, the principal 
requirement of the thermally curable adhesive composition is that the polymers not 
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harden before melting of the solder powder is . achieved. Additionally, after curing, 
the composition must act as an adhesive that strongly binds the cured ink composition 
to the printed circuit board substrate. The, flux compositions of the, instant invention 
are particularly suited for these applications. 

, The inventive thermally curable composition exhibit, the following features: 

a) provides sufficient flux activity to promote the solder bump to readily wet 
the metallization on the substrate during solder rqflp.\y., without the presence of 
corrosive flux activators. that can contaminate the silicon chip; 

b) promotes solder wetting and self-alignment . of the chip to the pads on the 
substrate by action of the wetting, force of the : molten solder, dijring the solder reflow 

r cycle, no curing of the fl^x com^ solder bump has been 

melted; t t _ . '„., ,■ ^ rr n 

c) reduces or eliminates gaseous evolution during the. reflpw cycle that would 
otherwise create voids; , . 

d) cures quickly $nd soon after solder bump melts; 

t e) demonstrates little shrinkage of thq .composition during curing to minimize 
the stress resulting from the-^urifig-process and subsequent cooling; #nd 

f) forms strong adhesion of the cured composition to the chip, substrate and 
solder joints. t „ . . 

SYNTHESIS OF FLUXING AGENTS 
EXAMPLE 1 

Preparation of tris (maleic acid) glycerol monoester, a non-amine fluxing 
agent with the structure: . 

/ CH 2 0-CO-GH=CH-COOH 
HOOC-CH=CH-OC-0-C — H . 

CH 2 0-CO-CH=CH-COOH 
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Three moles of maleic anhydride (294 grams) were heated in a flask at 80 ° C 
until fully melted at which time one mole of glycerol (92 grams) was slowly added 
thereto. The composition was constantly stirred and maintained at 80 °C for three 
hours. The temperature was then raised to 110°C fbr one hour to complete the 
5 reaction. Thereafter the product was allowed to cool to room temperature. The 
reactants were kept in a nitrogen atmosphere throughout. Monitoring the reaction on 
a Fourier-transform infrared spectrometer, the OH vibrational band at 3,400-3,500 
cm* 1 ; of the glycerol was observed to become minimized while an ester vibration band 
• ' , . at 1,710-1,740 cmf r appealed 'and maximized, 1 indicating complete reaction of the 
.10 ■ glycerbkand:-^ %ent is" -characterised by its'low viscosity 

, and high flux. activity; "i ''■'• :r ' ^ : ' y:[ - : ' ! -'- 

EXAMPLE 2 

: . - . , . Preparation of tri-s (maleic acid) triethanolamine monoester: an amine fluxing 
agent, with the structure: ' •' ' - ; 

; CH 2 «CH 2 0-OC-CH-CH-COOH 
HOOCCH^CHCQ-OCH 2 CH 2 — N 

CH 2 -CH 2 0-OC-CH=CH-COOH 

15 ~ Three moles of maleic anhydride (294 grams) were heated in a flask at 80 °C 

until fully melted at which time one mole of triethanolamine (149 grams) was slowly 
added thereto over the; course' of ohe hour, so that gelation did not occur. The 
.' composition was constantly stirred and maintained at 80° C. To ensure that the reaction 
went to completion, the product was maintained at 80 °C with constant stirring for an 

20 additional hour. The reactants were kept in a nitrogen atmosphere throughout. Then the 
product was allowed to cool to room temperature. Monitoring the reaction on a Fourier- 
transform infrared spectrometer, the OH -Vibrational band at 3,400-3,500 cm" 1 of the 
triethanolamine was observed to become minimized while an ester vibration band at 
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1,710-1,740 cm" 1 appeared and maximized, indicating complete reaction of the 
triethanolamine and the anhydride. . • 

This fluxing agent is also charapterized by .its low; viscosity and high flux 
activity. . ■ - ; ■ .. <■,.->•■ 

5 .. .. . ; ,.. t . , EXAMPLES ;• ..-.v.-'- ■ 

Preparation of methyl- meso-erythritol tetramakic acid monoester: 
. 39 g maleic; anhydride was heated tp 80 °C : wtil all Ae maleic anhydride w 
melted before.J2.2. g of m^^^ stirring. The 

temperature was then raised to 130°C for 30 minutes, followed, by cooling down to 
10 80-90 °C for 2 hours. The reaction is: 

,: 3 ■ \ ho'' 

O H I. 'I 

,CH 2 OH .-: .O k,'**:.!-: , .i v. . - c ^ Y/CHOC-CH=CH-COOH 

CHOH iT^ HOOC-CH=€H-C.OC, ni.u 

i +4 O *~ I 

CHOH HOOC-CH=CH-COC 

- -n ' C Jl ,1 CHOC-CH=CH-COOH 

CH 2 OH • O O H | ||, 



EXAMPLE 4 

Preparationof pentaerythritQl ethoxylate tetrarnaleiq. acid monoester: 
39 g maleic anhydride was heated to 80 °C until all the maleic anhydride was 
melted before 27 g pentaerythritol ethoxylate _ (average Mn ca 270) . was added under 
15 mechanical stirring. The reactants are . stirred at 80 °G for 2-3 hours to complete the 
. reaction. The reaction is: , i n ■ ■ 

d ' " ' - 

II o 
C[CH 2 (pC.H20CH2)nO.H] 4 .+ 4, \ \> — -*r C[CH2(OCH 2 OCH 2 .) 11 Q-CtCH=CH-COOH] 4 

35 



WO 99/04430 



PCTYUS98/15034 



■ / - EXAMPLE 5 

Preparation oPaddnitol pentamaleic acid monoester; 
. 49 g maleic anhydride Was heated to 80 9 C until all the maleic anhydride was 
: melted before 15.2 g of adonitol was added under mechanical stirring. The 
5 temperature was then increased to 120°C for 30 mimltes 'followed by cooling down 
to 80 °C\ Theireaotants were stirred at 80°C for 3 hoiirs to finish the reaction. The 
reaction is; ' ; \ * 

H O 

r v . O H 



CH 2 OH 



CHOH 
CHOH 

; CHOH ' 
1 

: CH 2 OH 




r, _ , O H 1 J I , 

- || |' CHOC-CH*CH-COOH 

HOOC-CH=GM-COC- . > -.- V; 

' ' I ■ o 

; HOOp-CH=eH,CpC . ,|j y 

I J, X CHOC-CH=CH-COOH 

CHOC-CH=CH-COOH 

,< ; - I HIV : 

HO 



; - The embodiment of pIGK 15 of . a compliant multilayer encapsulating 
structure pomprises a soft sold^4h&Hs~more compliant than conventional tin-lead 
1 0 eutectic solder or the 95 % lead-5 % tin solder used often for flip chip solder bumps. 
There are. at least two methods for accomplishing this, and other methods will be 
known to those skilled in thwart. One method comprises a tin-lead solder that has 
.been modified^ with a small concentration, generally less than 1%, of an additive 
or additives, : One such? additive, described in US Patent 5,308,578, is a small 
15 concentration of cadmium, indium, antimony, or combination thereof which is 
, known to increase- the fatigue life of the solder by up to twenty fold. Another 
.method involves incorporating a small concentration of tin-copper or tin-nickel 
v intermetallic which is^ known to decrease fatigue-induced microsthictural 
coarsening leading to fatigue failure in tin-lead, solder. 

20 
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Another method for increasing the compliance of solder in the present 
_ invention involves using a low-melting point solder. It is well known in the art that 
solders become more compliant as -.the temperature is elevated to approach their 
melting temperatures. In the instant invention, the preferred solder has a melting 
5 ; point near the highest operating temperature/ of the flip chip. Near such a melting 
point, the solder provides little mechanical resistance^to the compliance: of the chip- 
. to-substrate interconnection and will readily conform, to ..the stress induced by 
expansion or contraction of the interconnect during. temperature excursions with 
little fatigue. ' "' 

10 c 

~ . Another Me thod fdr increasing the compliance) of solder in the present 
invention involves using-a- ii^ the liquids and 

solidus temperatures. Iris : ^lfes^ii^ll that in non-eiftectic solders,, there exist 
a temperature region! in which the solder is neither fiilly solid nor fajly liquid, but 
15 instead is a mixture of both phases, i.e., the plastic range. In the plastic range, the 
solder does not flow as liquid, yet it has very little mechanical integrity or 
structural strength. Under stress in the plastic range, the sblder will flow readily, 
conforming to the applied; stress without cracks or fatigue, provided the solder is 
not allowed to leak out of the solder bump' by the encapsiilating polymer. For this 
20 reason, a non-eutectic solder alloy caiv be selected that will bei'plastic over most of 
the. temperature range experienced by the chip 5 interconnect. Such solders may 
contain, but are not limited to, alloys of tin,> lead, bismuttf, indium, cadmium, 
gallium, zinc, antimony, and other metals known to -the art of soldering. ; 

25 With the present invention illustrated in FIG. 15 ■ : as die flip-chip 

configuration is heated causing the substrate 20 to laterally expand greater than the 
,chip 10 because of the mismatch in the thermal cbefficierits of expknsion between 
the chip and substrate, thb complaint solder 14 and flexible encapsiilant material 22 
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deform by expanding with tKe substrate 20 to absorb the strain without causing 
bending of the chip and substrate (FIG. 16). Likewise, as the flip-chip 
• configuration is cooled Jbelow ambient temperature, the complaint solder 14 and 
flexible encapsulant 22 contract with the substrate 20 to absorb the strain (FIG. 
5 17). 

In another embodiment of the invention, there is a chip 10 having solder 
bumps 14 pre-assembled thereon and being pre-coated with a multi-layer 
encapsulant m^teri^l 36 pfibr to assembly to die "substrate 20 (FIG. 18). The multi- 
10 layer encapsulant material 36 is uniform across the surface of the chip 10 between 
the solder bumps 14. Each layer of the multi-layer encapsulant material 36 
jperfbrm distinct ftinctioiisi Layers 38 and 40 are attachment and stress distribution 
layers. Layer 42 is the re wbrKabllity layer. Layers 38 and 40 are generally stiffer 
f than layer 42. Layers 38 and 40 are generally polymers or polymers filled with 
15 inorganic materials so as to have a high modulus and a low coefficient of thermal 
' expansiori stich as polyimide. Layer 42 is generally a meltable polymer such as a 
thermoplastic, for example a polyimide - siloxahe co-polymer. The layers can be 
comprised of coated tape, such as SumiOxy® ITA-5120 or ITA-5315 available from 
Oxychem, Grand Island, New York. A flux adhesive 34 as described previously 
20 is applied between the chip/encapsulant/solder bump combination and the substrate. 
The solder is reflowed and the flux adhesive 34 is hardened. Rework is made 
possible by the layer 42. The layer 42 and solder bumps 14 are remelted and the 
chip 10 is pulled away from the substrate 20 (FIG. 20). The flux adhesive 34 
firmly retains the layer 40 and part of the solder bumps 14 on the substrate 20 
25 while the chip bonding layer 38 firmly retains the other part of the solder bumps 
14 on the chip 10 as the reworkable layer 42 separates without damage to the chip 
10 or the substrate 20. 
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In another embodiment of the present invention, there is provided a multi- 
layer encapsulant material 44 attached to a chip 10 (FIG. 21). Within the multi- 
layer encapsulant 44 is an electrical redistribution layer 46 of electrically 
conductive traces 48 on an insulating layer 50. The insulating layer 50., such as a 
5 polymer, encapsulate the solder bumps 52 and 54. Solder bump 52 is connected 
to the chip 10 in a conventional manner. Solder bumps 54 are attached to the 
closely spaced contact pads 24 by the electrically , conductive traces 48 of the 
redistribution layer 46. Flux adhesive 34 ajs described previously .retains the 
chip/multi-l^yet encap^ulant/solder, bump comtynajtion on $e, substrate 20 (FIG. 




It will now be apparent to those skilled in the art that yarious modifications, 
variations, substitutions, and equivalents exist for various elements of ^.invention 
but which do not materially depart from £he spirit and scope of the invention. 
15 Accordingly, it is expressly intended that all such modifications, yariations, 
substitutions and equivalents which fall within the spirit apd scope of the invention 
as defined by the appended claims be embraced thereby. 
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i . We" claim:- : - 

1 j.-' An electrical component assembly , comprising: 

2 : - a substrate having a plurality.^ 

3 an integrated circuit chip having an encapsulant pre-coated on an active 

4 surface thereof, the encapsulant having a plurality of holes therethrough filled with 

5 ' an electrically conductive material that extends from coritacts on the active surface 

6 aligned- with the holes through the encapsulant to the plurality of pads on the 

7 substrate. 

1 2. ,The electrical cdmporient f assembiy of Claim 1' wherdii'the electrically 

2 ^corid-uetiVfe' "material ' in ^ ffie n plurality'. -of* 'iioies u &re' discrete" Voider bumps pre- 

3 * assembled on the integrated fcirc^it^ >ju., ; v ^ 

1 ; 3:" ' The electrical cdmponbnt assbmbley uf Ciaim 1 further comprising a layer 

2 of flux adhesive betweStx ar s'ub^embly'xoiiipri^ing" -tlie" : ''6nc'apsuia:rif and the 

3 electrically conductive material and the substrate. 

1 ' 4. [■ The electrical component assembly tif Clairirl wherein a first portion of the 

2 " pre-coated encapsulant and the electrically conductive material are located on the 

3 integrated tircuit chip and a second portion is located on the substrate. 



1 5 ; The electrical component assembly of Claim 1 wherein a first portion of the 

2 pre~coated encapsulant and the electrically conductive material are located on the 

3 integrated circuit chip and a second portion is coated on the first portion. 

1 6. r ' An electrical component assembly, comprising: 

2 an integrated circuit chip hiving a plurality of pads on an active surface 

3 thereof; 
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4 a substrate having an encapsulant pre-coated on a first surface thereof , the 

5 encapsulant having a plurality of r holes therethrough filled with an electrically 

6 conductive material that extends, from contacts qn the first surface aligned with the 

7 holes ( through the ( encapsulant to the plurality of -pads on the integrated circuit chip. 

1 7 . The electrical component assembly of. .Claim , 6 wherein the electrically 

2 conductive; material in the plurality of holes .are discrete $olde;r bumps pre- 

3 assembled on the substrate. 

1 8.. r . Jhe...elqcjrical .component as5e^bl^y s of>^|ga 6 further . comprising: a layer 

2 of flux, adhesive and the 

3 electrically conductive material and ^e: ; j^^^^q^mt^H^ } A r :•<* 

1 t The electrical compqpjent assembly ^.(Cl^i^Sj 1 or 6 : whereip the electrically 

2 cqnductiye material h} 4 .$ip . plurality, .pf.iipleg comprises electrically conductive 

3 adhesive. . v , :v . ■ ^--j ■ •.. '• •• 

1 10. ^ The electrical component assembly of Claim 6 wherein a firsf portion of the 

2 pre-coated encapsulant and the electrically co^uctive;,material are located on the 

3 substrate and a second portion is located on the integrated circuit chip , 

1 11- The electrical component assembly of Claims 1 or 1Q wherein the first 

2 portion comprises a filler which produces a reduced coefficient of, thermal 

3 expansion and increased modulus in the encapsulant. - : . ; : , 

1 12. The electrical component assembly of Claims 1 or 11. .wherein the second 

2 portion is an adhesive material . with solder fluxing properties. 
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1 13. The electrical component assembly of Claim 6 wherein a first portion of the 

2 pre-coated encapsulant &nd the electrically conductive material are located on the 

3 substrate and a second portion is coated on the first portion. 

1 14. The electrical component assembly of Claims 1 or 6 wherein the pre-coated 

2 encapsulant includes a polymer layer that can be remeked after assembly of the 

3 ^ electrical component assembly to allow removal df the integrated circuit chip for 

4 repair or replacement. 

1 15V The electricar edmpohem 1 or ^ wherein the pre-coated 

2 encapsulant includes a printed circuit la^er having elefctrib&l circuitry thereon. 

1 - 16; THS ' electrical ! b6mp"6neiit : ' assembly ^bf < Claiins , ' 'l ' or 6 wherein the 

2 encapsulant and electrically conductive material are compliant so as to expand or 

3 contract laterally without cracking or delamination upon heating or cooling of the 

4 ^ • integrMetfcircuit chip : iand' die Substrate . - ■ 

1 17. A method for making an electrical component assembly, comprising the 

2 steps of: ;j: ~ 

3 coating an active surface of an integrated circuit chip with an encapsulant; 

4 ' - producing holes in the exlcapsulant to expose contact pads on the active 

5 surface of the integrated circuit chip; 

6 filling the holes with ah electrically conductive material; 

7 placing the integrated circuit chip on a substrate with the encapsulant 

8 located between the integrated circuit chip and the substrate; 

9 curing the encapsulant; and 

10 reflowing the electrically conductive material in order to attach the 

11 integrated circuit chip to the substrate. 
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1 18. A method for making an, electrical component assembly, comprising the 

2 steps of: ( , ; t , . • • 

3 coating a substrate with an encapsulant; 

4 . producing holes in the .encapsulant to expose contact pads on the substrate; 

5 fillip^ the,, holes with an .electrically conductive materia^ ,,, : 

6 placing £n integrated circuit chip ^on a substrate with the encapsulant located 

7 between the integrated circuit chip and the substrate; - , 

8 curing the encapsulant; and 

9 f reflowing . t the eJeetrteaUy^ attach the 
10 mtegm^ .. a ':.-: . ; 

1 ,„ 19. ,,,, Thes methq^f Claims 1,7 ,pr 13 wl^^ |he filling ^tep polarises filling the 

2 holes with molten sqlder. . ... ; ^ .; . • . •< - :. - 

1 20. The method of Claims 17 or 18 wherei^ ^ie filling stepncomprises filling the 

2 holes with electrically conductive adhesive. 

1 21. A method for making an electrical component assembly, comprising the 

2 steps of: - 

3 coating an active surface of an integrated circuit chip having discrete solder 

4 bumps thereon with an encapsulant; 

5 placing the integrated circuit chip on a substrate with the encapsulant 

6 located between the integrated circuit chip and the substrate ; : , 

7 curing the encapsulant; and , T ,- r » 

8 reflowing the solder bumps in order to .attach the integrated circuit chip to 

9 the substrate. _ v . . . . , ... , v . ,. . n 
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22. The method of Claims 17 or 21 further comprising the step of: 

coating a surface of the encapsulant which faces the substrate with a flux 
adhesive. 

23. A method for making an electrical component assembly, comprising the 
steps of: 

coMtiiig a substrate having discrete solder bumps thereon with an 
encapsulant; 

; placing an integrated circuit chip on a substrate with the encapsulant located 
between the integrated circuit chip and the substrate; 
--curing the e£capsttlant; ; 'and" ; " ; ' " " 

reflowing the solder bumps in order to attach the integrated circuit chip to 
the substrate; " : ' ' 

24. The method of Claims 18 or 23 further comprising the step of: 

coating a surface of the encapsulant which faces the integrated circuit chip 
with a flux adhesive. ' v 

25. ' - The mefiiod of Claiiris 17, 18, 21 or 23 wherein the cbating step comprises 
including a polymer layer in the encapsulant that can be remelted after assembly of 
the electrical component assembly to allow removal of the integrated circuit chip 
for repair or replacement. 

26. A method for making an electrical component assembly, comprising the 
steps of: 

coating an active surface of an integrated circuit chip having discrete solder 
bumps thereon with a first portion of an encapsulant; 

coating a substrate with a second portion of the encapsulant; 

44 



6 placing the integrated circuit chip on the substrate with the first and second 

7 encapsulant portions, located between the integrated circuit chip and the substrate; 

8 curing the first and second encapsulant portions; and - 

9 reflowing the solder bumps in order to attach the integrated circuit chip to 
10 the substrate. 



1 27. The method of Claim 26 further comprising, the steps of: 

2 orienting the integrated circuit chip having the first, portion of the 
.3 encapsulant thereon at an angle with rqspgqt : to, 5ubstr^ r:: haying the second 

4 portion of the encapsulant thereon; , r ^ _., t .. :c , ., v: 

5 placing the integrated circuit chip i with^ai orientation m |o contact with the 

6 substrate; and .. _ : , . . . .-„'. v ,•• . - 

7 pivoting the integrated circuit chip about a first point of. contact until the 

8 integrated circuit chip is generally parallel to the substrate so as to expel gas from 

9 between the integrated circuit clup an<3 the, sub f strate. : , ; ; 

1 28. A method for making an electrical component assembly, comprising the 

2 steps of: ^ 

3 coating an active surface of an integratecl circuit chip .having discrete solder 

4 blimps thereon with a first portion of an encapsulant; a 

5 coating the first portion of encapsulant with a second portion of the 

6 encapsulant; 

7 ' placing the integrated circuit chip on the substrate with the first and second 

8 encapsulant portions located between the integrated circuit chip, and the substrate; 

9 curing the first and second encapsulant portions; and 

10 reflowing the solder bumps ( in order, to attach the integrated circuit chip to 

11 the substrate. r . 
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1 29, The method of Claim 28 further comprising the step of filling the first 

2 encapsulant with a filler. material to produce a reduced coefficient of thermal 

3 expansion and increased modulus. 

1 30. The method of Claim 28 further comprising the steps of: 

2 orienting the integrated circuit chip having the first portion and the second 

3 portion of the encapsulant thereon at an angle with respect to the substrate; 

4 placing the integrated circuit chip with that orientation in to contact with the 

5 substrate; and " <k . * /-V' : VsV*\:^ , 

6 pivoting the integrated circuit chip about a first point of contact until the 

7 integrated circuit chip is generally parallel to the -substrate so as to expel gas from 

8 between the integrated circuit chip and Ae substrate. 

1 31. j The methda /of jEIaimg •26". oe:.28^ j^reih the. t cbating step comprises 

2 including a polymer layer irt the first portion of the encapsulant that can be 

3 remelted after assembly of the .electrical component assembly to ailqw removal of 

4 the integrated circuit chip for repair or replacement. 

1 32. The method of Claims 17, 18, 21, 23, 26 or 28 wherein the coating step 

2 comprises including a printed circuit layer having electrical circuitry thereon. 
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